Introduction {#sec1}
============

Epidermodysplasia verruciformis (EV) that presents in adulthood is most commonly seen in patients with HIV/AIDS or in organ transplant recipients. We present a case of EV in a young adult who is HIV negative and not a transplant recipient but who does have a newly described immunodeficiency that is responsive to rapamycin. This report reviews the first reported case, to our knowledge, of EV in a patient with activated PI3Kδ syndrome (APDS), proposes a unique treatment strategy, describes the role of whole genome sequencing in cases of acquired EV (AEV), and highlights the growing importance of personalized medicine in dermatology.

Case report {#sec2}
===========

A 25-year-old African-American man presented to dermatology clinic with a 2-month history of a rash that began on the face that slowly progressed to involve his entire body. He experienced occasional pruritus but was otherwise asymptomatic. He had used hydrocortisone 1% cream for 2 weeks with no perceived improvement. The patient has a history of APDS, a recently described immunodeficiency, for which he receives intravenous immunoglobulin quarterly. Recent laboratory findings were normal with the exception of leukopenia (white blood cell count, 3.7 × 10^9^ cells/L) and thrombocytopenia (platelets, 76 × 10^9^/L). An HIV test was negative 2 months prior. The examination was notable for innumerous flat-topped, hypopigmented to gray, pinpoint papules that coalesced into larger plaques on the scalp, face, trunk and bilateral upper and lower extremities ([Fig 1](#fig1){ref-type="fig"}). Koebnerization was noted on the back and upper arms. Oral, ocular, anogenital and lymph node findings were normal. A punch biopsy of the right hip yielded a diagnosis of epidermodysplasia verruciformis with classic histologic features ([Fig 2](#fig2){ref-type="fig"}). The patient was administered the human papillomavirus 9-valent vaccine, recombinant and started on acitretin, 25 mg daily.Fig 1EV presenting in a patient with activated PI3Kδ syndrome. **A** to **C,** Physical examination notable for innumerous flat-topped, hypopigmented to gray, pinpoint papules that coalesce into larger plaques on the scalp, face, trunk, and bilateral upper and lower extremities. Koebnerization noted at some sites.Fig 2Histologic analysis of right hip punch biopsy shows flat wart architecture, clumping of keratohyaline granules, and the characteristic steel blue/gray cytoplasm of affected keratinocytes. (Hematoxylin-eosin stain.)

Discussion {#sec3}
==========

EV is classically a rare autosomal recessive genodermatosis that is the result of genetic susceptibility and co-infection by human papillomavirus (HPV), usually manifesting early in life. The most common HPV types implicated in EV are HPV-5 and HPV-8, coined EV-HPV or β-HPV.[@bib1] When presenting during adulthood, it is usually the consequence of impaired cell-mediated immunity and is most commonly seen in HIV/AIDS and organ transplant recipients. Case reports of EV are also described in those with lupus, leprosy and Hodgkin lymphoma. Patients with late-onset, or acquired EV (AEV), do not routinely undergo whole genome sequencing. Traditional thought has attributed their cutaneous disease to their existing immunodeficiency rather than to mutations in *EVER1* (TMC6) or *EVER2* (TMC8) genes, as in the inherited form.[@bib2] Our patient with AEV is not only uniquely HIV negative and not a transplant recipient, but also has an immunodeficiency in which EV has never been reported. Furthermore, his immunodeficiency responds to rapamycin, thus opening the door to novel treatment options not available to all patients with EV.

APDS is caused by gain-of-function mutations in the phosphoinositide 3-kinase (PI3K) genes *PIK3CD* and *PIK3R1*. These mutations lead to altered maturation of both B and T lymphocytes, which subsequently increases the incidence of both bacterial and viral infections as well as lymphoma.[@bib3] mTOR is a downstream effector of the PI3K/AKT pathway, which is important for cell growth, proliferation, and survival. This pathway has been found to be hyperactive in T lymphocytes of APDS patients and is also the mammalian target of rapamycin. It is thought to be the driving force behind this lymphoproliferative immunodeficiency by skewing T lymphocytes to the senescent effector phenotype. Rapamycin is found to normalize the senescent T lymphocyte proliferation in APDS, thus restoring the balance of naïve, effector and memory CD8^+^ T-lymphocyte population.[@bib4] To our knowledge, there is no report of EV occurring in a patient with APDS.

Because EV is notoriously difficult to treat, there is a call for more effective therapy. Treatment aims to not only improve cosmesis but also to reduce progression to malignancy. It is reported that 60% of EV patients will go on to have cutaneous squamous cell carcinoma at an early age.[@bib2], [@bib5] Systemic retinoids have been used with varying success, although recurrence is high when treatment is discontinued.[@bib6], [@bib7] One report documents clearance with the Gardasil vaccine in a renal transplant patient.[@bib8] Interestingly in HIV patients with EV who start antiretroviral therapy, the cutaneous eruption often does not improve despite improvement of CD4 counts.[@bib9] Although our patient has improved slightly on acitretin, and his topographical changes are not as prominent, his skin has not normalized. However, unlike most patients with AEV, this patient has undergone whole genome sequencing, and, as a result, a molecular target for therapy has been identified. Rapamycin has improved T-lymphocyte populations in those with APDS. Further studies are needed to determine patients\' cutaneous responses to therapy via improved T-cell suppression of HPV. Therefore, we propose investigation into the use of rapamycin in APDS patients with comorbid EV.

Conclusion {#sec4}
==========

This case describes the first report of AEV in a patient with APDS. Furthermore, our patient is HIV negative and not a transplant recipient; thus, his diffuse cutaneous HPV infection may be attributed to comorbid APDS. This diagnosis may have important treatment implications given that T-lymphocyte populations normalize, and immunoregulation improves when APDS patients are treated with rapamycin. Thus, we hypothesize his cutaneous disease will improve indirectly with this course of treatment. This case highlights the importance of a more extensive workup in cases of AEV, including whole genome sequencing, to assess for genetic mutations and possible molecular therapeutic targets in a disease that is disfiguring and resistant to currently available treatment. Finally, this case underscores the importance of interdisciplinary care and illustrates the growing importance of personalized medicine in dermatology.
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